Summary: The aim of this paper was to examine the effect of biostmulators on seed quality parameters -germination energy and germination, depending on the genotype and age of sunflower seeds. Testing has been conducted at the Institute of Field and Vegetable Crops on four cytoplasmic male sterile lines: OCMS-98 (L1), HA-NS-26 (L2), PH-BC2-74 (L3) and VL-A-8 (L4). Seed was produced in the period from 2010 to 2012. Two seed variants were tested -treated with metalaxyl-m and non-treated. Prior to sowing, seed was treated with fertilizes Slavol S, Bioplant Flora, and their combination. Selecting the right biostimulator for a particular genotype may lead to increased germination energy and germination, which has the positive effect on the number of plants per unit area, and hence the yield.
Introduction
Sunflower belongs to a group of the most significant annual crops which are grown for oil production (Šimić et al. 2008) . It is grown on about 25 million acres worldwide (FAO 2012) . One of the basic conditions for achieving high yields is sowing quality seed (Milošević et al. 1996) . Germination and germination energy represent the most important indicators of seed quality (Poštić et al. 2010) . In field conditions these indicators determine the number of plants per unit area -one of the three basic yield components (Crnobarac 1992) . With reduction of seed vitality, the number of plants per unit area is also reduced, which negatively affects the yield (TeKrony & Egli 1991) . The quality of seed is affected by numerous factors: weather conditions and quality of combine harvest, terms of manipulation of mown seed -from harvester to the processing centre, storage conditions of natural and processed seed, time and method of seed processing, etc (Nenadić et al. 2011) . Areas under sunflower in Serbia vary from year to year, depending on the yield achieved in previous year, but also on economic situation and prices of this important oil crop (Miklič et al. 2004) . Therefore, it often happens that the seed produced in one year is not used for sowing in the next following season but is rather 2 to 3 years later (Mrđa 2010) .
There is not much information in literature on biostimulators effect on seed germination energy GE and total germination TG, depending on seed age. Positive effect of biostimulators on old seed quality indicators was proven on an example of a maze and soy (Vinković et al. 2007) , as well as on some vegetables: celery, parsley, green salad and leek (Yildirim et al. 2007 ). Biostimulators are substances that enhance the immune system of cultivated plants and provide support for plant metabolism. Their use helps reduce the amount of chemicals original scientific paper / originalni naučni članak www.nsseme.com/journal.html
Acknowledgements:
This study is a part of the project TR31025 funded by the Serbian Ministry of Education, Science and Technological Development. used in agriculture (Kolomazik et al. 2012) . The use of biostimulators (plant hormones, vitamins, etc.) stimulates seed germination, especially the one under stressful conditions (Zaborsky et al. 2002) . Biostimulators can be applied at different stages of plant growth and development, depending on the type of biostimulators (Tkalec 2010) . Those that are based on the tryptophan and proline amino acids may be used for reducing the effects of environmental stress (Vinković et al. 2007) . In order to perform the desired effect, biostimulators must be able to penetrate into the plant tissue. This is of great importance, especially in field conditions where treated plants are exposed to different weather conditions (Kolomazik et al. 2012 ). Many bacteria acting as biostimulators can synthesize physiologically active substances such as gibberellins, cytokinins, and vitamins, and thereby stimulate microbial activity and better plant growth and development (Govedarica 2002) .
Production of sunflower parent lines is very specific -primarily due to spatial isolation which needs to be at least 3 km. Due to organization of line production, it cannot be sowed each year, but after two or three years. During that period, value of seed quality parameters declines.
The aim of this study was to investigate the effect of biostimulators on parameters of seed quality -germination energy and germination, depending on the genotype and seed age.
Materials and Methods
The study was carried out at the Institute of Field and Vegetable Crops in Novi Sad in October 2013. Testing was conducted on sunflower seed of four cytoplasmic male sterile lines -OCMS-98 (L1), HA-NS-26 (L2), PH-BC2-74 (L3) and VL-A-8 (L4), produced in the period from 2010 to 2012, meaning that the tested seed was one, two, and three years old. Germination (TGtotal germination) and seed germination energy (GE) were tested by standard laboratory methods under conditions which imply 4x100 seeds at 25°C and 95% humidity with four days of incubation for GE and 10 days of seed TG (ISTA 2009). Filter paper rolls and sterile sand were used as a substrate. Two seed variants were used for research: treated (with a.m. metalaxyl-m) and non-treated seed.
Both seed variants were treated with the following commercial preparationsbiostimulators:
Slavol S (a.m. indol-3-acetic acid), in 1. concentration of 25% (S), The data were statistically processed by analysis of variance of three-factorial split-splitplot experimental design (A-genotype, G-seed production year, C-biostimulators) by using software package Statistica 8. Significance of obtained differences between treatments was determined by LSD (Least Significant Difference) test, at significance thresholds of 5% and 1% (Hadživuković 1991) .
Results and Discussion

Seed germination energy -filter paper as a substrate
Analysing the obtained results it can be determined that OCMS-98 line, at both seed variants, had better average GE in relation to other lines -95% and 95%, while in both cases, the seed produced in 2011 and 2012 had significantly better average value of this seed quality indicator in relation to seed from 2010. On average, seed produced in 2012 had the best GE -97% (at non-treated seed) and 96% (seed treated with metalaxyl), as shown in Table 1 .
Observing the effect of biostimulators on seed GE, it can be determined that treating seed with fertilizer Slavol S significantly influences GEon average for all lines, it increased GE for 5% at non-treated variant, i.e. 5% at variant treated with metalaxyl. Significant improvement was also achieved by applying Bioplant Flora (B) -2% i.e. 2%, but also with the combination of these two fertilizers (S+B) -2% i.e. 3% in relation to control (K) variant. Earlier, Fries (1951) determined positive effect of biostimulators and amino acids arginine and asparagine on growth and development of lateral roots, as well as on forming of cotyledons on young pea plants.
Analyzing how parent lines seed reacts to application of biostimulators, it can be concluded that all fertilizers significantly increased GE at OCMS-98 line, where combination S+B the improved GE by 6% with respect to non-treated seed, i.e. by 6% with respect to seed treated with metalaxyl-m. On average, Bioplant Flora increased GE by 6%, i.e. 4%, while Slavol S increases it by 5%, i.e. 5% (Table 1) . Results are in accordance with Thi Lua & Böhme (2001) who emphasised that biostimulators which contain amino acids and humic acids had positive effect on seed TG. Slavol S achieved the best average effect on GE in sunflower line L2 . By treating seed with this biostimulator prior to sowing, value significantly increased by an average of 3%, i.e. 4%, while treating both variants with Bioplant Flora achieved increase of TG by 1%. Mutual influence of these two fertilizers (S+B) lead to negative effect and significant reduction of GE value by 4%, i.e. 2% with relation to control variant (Table 1) . Line L3 (PH-BC2-74) showed that fertilizers had significant effect on increasing GE with relation to seed that was not treated with biostimulators. On a three-year average, Slavol S increased GE by 5%, i.e. 5%, Bioplant Flora -by 3%, i.e. 2%, and the combination of the two fertilizers increased GE by 3%, i.e. 2%, on average. By analyzing L4 (VL-A-8) sunflower line, it can be determined that Slavol S achieved the best result and significantly improved seed GE by an average of 6%, i.e. 5%. Bioplant Flora did not have significant effect, while by mutual influence (S+B), the value of this seed quality parameter significantly increased -by 4%, i.e. 3%, on a three-year average, in relation to control variant.
By observing the influence of biostimulators on TG, depending on the seed age, it can be concluded that all treatments had positive effect. Significant increase of TG was achieved by applying Slavol S. Treating the seed with this preparation led to the greatest efficiency with the three-year-old seed, by an average of 7%, i.e., 6%, respectively. Reducing the age of the seed reduces the influence of the preparation, thus the average value of TG with two-year-old seed was improved by 5%, i.e., 6%, while the lowest efficiency of this preparation was observed with one-year-old seed -by an average of 3%, i.e., 2%. Bioplant Flora biostimulator achieved the best influence on the three-year-old seed by increasing the TG by an average of 4% with both variants. This preparation achieved significant influence on two-year-old seed where the average value was increased for 2% with non-treated variant. However, there was no GE increase with seed treated with metalaxyl. Similar situation was 
Seed germination energy -sterile sand as a substrate
Analysys of the obtained results showed that L1 and L2 lines, at both seed variants, had better average GE with relation to L3 and L4 lines. Lines L1 (OCMS-98) and L2 (HA-NS-26) had the best GE -87% at non-treated variant, while at variant treated with metalaxyl-m, line L1 (OCMS-98) had the best GE 86% (Table 2) .
Seed produced in 2012 and 2011 had significantly better average value of this seed quality indicator with relation to seed produced in 2010. Seed produced in 2012 had the best GE at both variants -92% and 90%.
By analyzing average influence of biostimulators on seed GE, it can be concluded that treating seed with Slavol S significantly increased seed GE by 6% at non-treated variant, i.e. 7% with variant treated with metalaxyl-m. Treatment with Bioplant Flora reduced the TG by 1%, while the combination of preparations significantly reduced TG by 9%, i.e., 10%. Poštić et al. (2011) reported that faster TG of seed in the field dictates better and more even sproting of plants, rich development, greater resistance to environmental conditions, diseases and pests since more developed plants are more resistent.
Considering the OCMS-98 sunflower line, treating of seed with Slavol S and Bioplant Flora significantly improves the value of GE by an average of 6%, i.e. % with Slavol S, and for 4%, i.e. 4% with Bioplant Flora. Combination of biostimulators significantly reduced the value (Table  2) . By observing the line HA-NS-26, it can be concluded that Slavol S significantly improved the value of this vitality parameter by 5%, i.e. 3%. Bioplant Flora did not have significant influence on seed quality, and the combination of these two preparations reduced TG of treated seed by 2%. The best effect of some biostimulator on sunflower seed GE was accomplished at PH-BC2-74 line where treating the seed with Slavol S significantly improved GE by an average of 8%, i.e. 10%. Bioplant Flora and the combination of Slavol S + Bioplant Flora significantly reduced the value of this important seed quality indicator by an average of 3%, i.e. 3% with the influence of Bioplant Flora, and for 9%, i.e. 9% with mutual influence of these two fertilizers. Mwale (2003) emphasized that synchronization between parent lines in the flowering period is very important in sunflower seed production in order to perform qualitative pollination of mother line. Fast and equal growth, which depends on GE, is one of the most important factors for successful sunflower seed production. Seed of line L4 (VL-A-8) treated with Slavol S significantly improved GE by an average of 6%, i.e. 9%. However, Bioplant Flora treatment led to significant reduction -GE was reduced by 6%, i.e. 7% on a three-year average. Taking this into consideration, but all other examined lines as well, the most negative effect was achieved by the application of combination of the two fertilizers -GE was reduced by 15%, i.e. 20 with relation to control variant (Table 2) .
Analyzing the influence of biostimulators on TG, depending on the seed age, where sterile sand was used as a substrate, it can be concluded that the best effect was achieved with Slavol S. With its influence, TG was significantly improved. There was an increase in the value of this parameter with three-year-old seed by an average of 7%, i.e., 6%, with two-year-old seed by an average of 12%, i.e., 8% and with one-year-old seed by an average of 7%. Bioplant Flora had positive effect on one-yearold seed by significantly improving the value of this parameter -by 4% and 2%. With the increase of seed age, application of this parameter led to negative effect. TG was not significantly reduced with two-year-old seed, while it was significantly reduced with three-year-old seed -by 6%, i.e., 5%. Combination led to significant reduction of seed quality. TG was reduced by 4%, i.e., for 7% with one-year-old seed, by 12%, i.e., 10% with two-year-old seed, while with three-year-old seed the TG was reduced by 11% i.e., 14% with respect to control variant. Kolomazik et al. (2012) determined that in order for biostimulators to have desired effect, they must penetrate the plant tissue. This is of great importance, especially in field conditions where treated plants are exposed to different weather conditions.
Seed germination -filter paper as a substrate
The analysys of the obtained results showed that line L1 (OCMS-98), at both seed variants, had significantly better TG with relation to other lines. Average TG of this line with non-treated variant was 98% while with treated one it was 98%.
Seed produced in 2011 and 2012 had significantly better value of this seed quality indicator with relation to seed produced in 2010 (Table 3) . Seed produced in 2012 had the best TG -99%, i.e. 98%. Effect of biostimulators on seed TG showed that treating seed with fertilizer Slavol S gave the best results on average. With relation to control variant, treatment with this biostimulator significantly increased TG, by an average of 4%, i.e. 6%. Treatment with Bioplant Flora, but also mutual influence of these two fertilizers led to significant improvement of TG for 2%, i.e. 3% and 2%, i.e. 3%. Fertilizers that contain humic acids significantly positively affected seed TG which is in agreement with Türkmen et al. (2004) on tomato seed.
By observing how biostimulators affected seed TG of a particular sunflower genotype, it can be concluded that in some cases they had stimulative, and in some inhibitory effect. Treating seed with all biostimulators in line L1 resulted in significant increase of TG with relation to control variant. Treatment with Slavol S improved TG by 5%, i.e. 5%, with Bioplant Flora by 5%, i.e. 4% and their combination by 6%, i.e. 4%. Given results are in concord with Paravan (2013) who emphasized that application of biostimulators which contain organic matter with macro and micro elements, if are applied in particular period of plant growth, represent high technique for optimization of nutrition and health of plants. By analyzing mother line of sunflower L2, in non-treated variant, application of Slavol S and Bioplant Flora significantly increased TG by 2%, i.e. 5% and by 2% i.e. 4% while its combination had inhibitory influence and significantly reduced TG by 3%, i.e. 2% (Table 3) .
All biostimulators achieved significant increase of seed TG in L3 line with relation to control variant. The best effect was achieved by Slavol S -6%, Bioplant Flora -2%, while their combination had an influence on increase of this important indicator of seed quality for 4%. Identical results were obtained with processed variant. By analyzing L4 sunflower line, it can be concluded that treatment with Slavol S gave the best results at both variants. Treatment with this fertilizer resulted in significant increase of TG by 6%, i.e. 6%, while using Bioplant Flora did not lead to any changes. Combination of biostimulators (B+S) resulted in significant increase of TG -by 4%, i.e. 3% (Table 3) .
By observing the effect of bistimulators on seed GE, depending on its age, it can be concluded that treating the seed with Slavol S prior to sowing led to significant increase in GE, regardless of the seed production year. The best influence was achieved with three-year-old seed where GE increased by an average of 6%, i.e., 8%, with two-year-old seed by 5%, i.e., 5%, while with one-year-old seed, GE increased by 3%, i.e., for 4%. Just like Slavol S, Bioplant Flora had significant effect on GE of old seed, but to a lesser extent. GE was significantly improved with three-year-old seed by an average of 3%, i.e., for 4%. GE increased by 2%, i.e., for 2% with two-year-old seed, while the value of this important indicator of seed vitality with one-yearold seed increased by 1%, i.e., 2%.
Unlike by separate influence of preparations, where the best effect was achieved with the oldest seed, the least efficiency was achieved by mutual influence, thus there was not so significant increase in GE. Effect of biostimulators with two-year-old and one-year-old seed led to significant increase of seed quality value, by an average of 3% with regard to control variant.
Seed total germination -sand as a substrate
At both seed variants, lines L1 and L2 had better TG with relation to parent sunflower lines L3 and L4. Line L1 (OCMS-98) had the best TG -93%, i.e. 93%. Seed produced in 2012 and 2011 had significantly better value of this seed quality indicator with relation to three-year-old seed (Table 4) . Seed produced in 2012 had the best TG -96%, i.e. 97%.
By observing the effect of bistimulators on sunflower seed TG, it can be concluded that treating seed with Slavol S and Bioplant Flora significantly improved TG while the combination S+B significantly reduced this value. Slavol S increased TG by 5%, i.e. 5%, Bioplant Flora by 3%, i.e. 3%, while their combination has negative influence on seed vitality and significantly reduced TG by 7% at non-treated variant, i.e. 7% at variant treated with metalaxyl. Individual analysis of mother sunflower line showed that significant increase of GE with OCMS-98 line was achieved only with Slavol S and Bioplant Flora. Slavol S improved TG by 2%, i.e. 2%, Bioplant Flora by 3%, i.e. 3%, while their combination significantly reduced the GE -by 10% with both variants (Table 4) . Biostimulators had weaker effect on line L2 while their combination affected seed TG negatively. Slavol S significantly increased the value of this important seed quality indicator by 3%, i.e. 3%. Bioplant Flora had smaller, but significant effect and treating seed with this biostimulator prior to sowing increased TG by 2%, i.e. 1%. Combination of the fertilizers lead to significant reduction of TG as high as by 5%, i.e. by 6%. By observing the influence of biostimulators on TG of sunflower line L3, it can be noticed that application of Slavol S had the best effect on seed TG and significantly the increased the value of this parameter by 4%, i.e. 5%. Bioplant Flora also significantly influenced seed vitality and increased TG by 2%, i.e. 2%. Combination of these two fertilizers had inhibitory influence on seed quality and leads to significant reduction of TG by 8%, i.e. 7% (Table 4) . The best effect on the increase of seed TG in line L4 was accomplished by treating the seed with Slavol S -6%, i.e. 6%. Fertilizer Bioplant Flora achieved weaker but significant influence and it increased TG by 1%, i.e. 2%. Combination of biostimulators led to negative effect and seed TG with both variant was significantly reduced by an average of 8% with relation to control variant.
By analyzing the influence of biostimulators on seed GE, depending on its age, it can be concluded that individual influence of Slavol S and Bioplant Flora had positive effect on GE while their combination significantly reduced the value of seed quality indicator. Slavol S significantly increased GE of three-year-old seed, by an average of 4%, i.e., 4%. The best effect of this preparation was achieved with two-year-old seed, where GE increased by 6%, i.e., 6%, while treating one-year-old seed with Slavol S increased GE by 3%, i.e., 3%. This is in agreement with Poincelot (1993) . According to him, biostimulators that contain humic acids lead LSD to improvement of TG and root development. Influence of Bioplant Flora significantly increased the GE, but to a lesser extent than influence of Slavol S. Three-year-old seed increased GE by 2%, i.e., 3%. Average increase of GE, 2% with all variants, was accomplished with two-year-old and one-year-old seed. Treating seed with combination of these two preparations significantly reduces the GE. The biggest reduction was noticed with threeyear-old seed, by an average of 9%. With two-yearold seed, GE was reduced by an average of 8%, while the value was reduced by an average of 5% with one-year-old seed (Table 4) .
Conclusions
Effect of biostimulators depends on genotype, but on the age of seed as well. Choosing adequate biostimulator for a particular genotype can lead to increase of TG, which favourably influences the number of plant per unit area, and by all means the yield too. However, choosing the inadequate biostimulator or their combination can lead to the opposite effect, i.e. to certain reduction of seed quality parameters, TG and GE. Thus, choosing biostimulators must be done with great care and prior to treating the seed it is necessary to conduct trial testing in order to avoid negative consequences.
Biostimulators accomplish significantly better influence when used on filter paper than on sterile sand. Likewise, better efficiency, but not significant, was seen on seed treated with metalaxyl.
